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Australia	 (URS	Australia,	 2008).	 These	 large-scale	
plantations	 integrated	 into	wheat	 farms	 (Wu	et	 al.	
2008)	have	been	established	as	multi-purpose	woody	
crop	(Nuberg	1998,	Spinelli	et	al.	2013).	These	inte-
grated	 plantations	 can	 be	 a	 considerable	 source	
of	 woody	 biomass	 to	 produce	 renewable	 energy.	
	However,	unlike	the	forestry	biomass	supply	chain	
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Abstract
Mallee plantations have been integrated into wheat farms in Western Australia as a large-scale 
and multi-purpose woody crop since the 1990s. Mallee describes the growing habit of certain 
eucalypt species that grow with multiple stems shooting from an underground crown root 
(lignotuber), usually to a height of up to 10 meters. These types of plantations could be a 
considerable source of biomass to produce renewable energy. In this project the supply chain 
of Mallee was modelled using BIOPLAN’s linear programming model to investigate the im-
pact of tree size, extraction distance and transport distance on supply chain costs. The harvest-
ing system included a feller-buncher, front end loader, in-field chipper and truck. The mobile 
Bruks chipper was found to be more efficient than Peterson Pacific to chip Mallee trees. The 
results indicated that harvesting larger tree sizes can slightly diminish chipping cost. Extrac-
tion cost was very sensitive to the extraction distance in this case study. Long transport dis-
tances in larger management area (to meet higher energy demands) will highly increase the 
transport cost. From optimised supply chain cost and sensitivity analysis, the best practice for 
efficient Mallee biomass supply chain was suggested as following: harvesting Mallee trees 
when reaching larger size (about 0.3 m3 for a tree consisting of multiple stems with an average 
DBH of 5 cm to 10 cm per each stem), planning average extraction distance to be shorter than 
1000–1500 m, establishing the Mallee plantations closer to energy plant with transport dis-
tance shorter than 100 km (with a radius of 50–75 km providing an effective compromise 
between cost and distance) or alternatively installing new bioenergy plants no farther than 
100 km from existing Mallee plantations.
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pers	 to	 select	 the	 least	 expensive	 chipper	 for	
chipping	Mallee	trees;
Þ  optimising	the	biomass	supply	chain	for	Mallee	
plantations	 using	 linear	 programming	 tool	






































































Table 1 Machine specifications of Bruks mobile chipper
Model Bruks 805.2 STC mobile chipper
Base
Forwarder-mounted
(Ecolog forwarder, 300 HP, 223.8 kW)
Engine, to power the chipper Scania diesel engine, 450 HP, 335.7 kW
Maximum diameter of logs to chip 50 cm
Forwarder load capacity, chipper, 
bin and chips
19,500 kg
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Table 2 Parameters and conversion factors used in the analysis
Parameters/conversion factors Value
Energy content of E. globulus at 0% MC, MJ/kg 17.38
Basic density, kg/solid m3 535
Bulk density, kg/loose m3 224.7
Solid content, chips from residues 0.42
Ratio loose m3 to solid m3 2.38
Truck payload, tonnes 40
Truck volume, loose m3 70
Transport distance, km 50
Material loss rate, %/month 2.0
Interest rate, %/month 0.58
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Constraints
Eq.	2	ensures	that	the	energy	content	of	the	chips	supplied	satisfy	the	monthly	demand	at	the	plant.
 t ,p t ,p pt p  LOOSEVOL ENERGY DEMAND p P≤ × ≥ ∀ ∈∑  (3)
Eq.	3	ensures	that	an	even	volume	of	Mallee	trees	are	harvested	evenly	in	each	year.	This	allows	for	continuous	
work	for	the	harvesting	and	haulage	contractors.
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Table 3 Sets, parameters and variables used in the mathematical formulation of the model
Term Definition
Set
t,p = periods { } { }∈ ∈1…24 13…24t T = , p P=
Parameters
a Conversion factor from m3 solid to m3 loose
DEMANDp Energy demand in period p at the energy plant
ENERGYCt,p
Energy content of chips produced in period p from material harvested in period t, respectively. Depends on the moisture content of 
the material that is chipped
HARVESTC Harvesting and extraction cost, $/m3 solid
STORAGECt,p Storage cost ($/m
3 solid) of whole trees stored at the roadside from period t to p (t ≤ p)
CHIPPINGC Chipping cost ($/m3 solid) for whole trees chipped at the roadside
TRANPORTC Transportation cost ($/m3) for tree chips (loose volume) transported to the energy plant
Variables
SOLIDVOLt,p Solid volume of trees harvested in period t, and stored at the roadside until period p for chipping at the roadside
LOOSEVOLt,p SOLIDVOLt,p  × a = Loose volume of chips from trees harvested in period t, and stored at the roadside until period p for chipping
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sic	 senario	 (Fig.	 1).	Longer	extraction	distances	 in-
crease	the	extraction	cost	on	a	linear	fashion	(Spinelli	
et	al.	2013).	Longer	extraction	distances	also	result	in	









holding	 other	 factors	 constant)	 decreased	 proper	
chipping	cost	from	15.8	$/GMt	(tree	size	of	0.1	m3)	to	




Table 4 Minimised operating cost ($/GMt) of the supply chain
Harvesting Storage Chipping Transport Total
19.3 0.3 14.7 10.8 45.1 Fig. 1 Impact of different extraction distances on supply chain costs
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prediciting	model.	However,	 tree	 size	 impacts	 the	
chipping	cost	as	shown	in	Fig.	2	and	larger	tree	size	
results	in	lower	cost.














3.3.4 Impact of harvesting volume/transport 

















A 130,000 53 14,000 <50
B 200,000 82 25,000 <100









crops	 in	Western	Australia,	understanding	 the	 cost	
drivers	for	the	supply	chain	is	critical	for	mobilising	
and	expanding	the	resource	for	commercial	purposes.	






Fig. 2 Impact of different tree sizes on supply chain costs
Fig. 3 Impact of transport distance on supply chain costs
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productivity	(Fig.	2),	where	larger	tree	size	resulted	in	


















































































Fig. 4 Impact of harvesting volume per area per year on supply 
chain cost for different transport distances
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